This study evaluated dynamic colour duplex Doppler ultrasound (D-CDDU) for the assessment of erectile function in patients with post-traumatic urethral stricture. In total, 44 patients with urethral stricture secondary to trauma were recruited between January 2009 and June 2010. Peak systolic velocity of the cavernosal artery was measured before and after intracavernosal injection (ICI) of 20 mg papaverine and 1 mg phentolamine. Cavernosal artery enddiastolic velocity and resistance index (RI) were evaluated after ICI. Patients with RI ≥ 0.8 had significantly shorter strictures than those with RI < 0.8 after ICI only in cases of posterior urethral stricture. Patients with RI ≥ 0.8 were significantly younger than those with RI < 0.8. Urethral stricture length was negatively correlated with RI (r = -0.375). Cavernosal artery RI after ICI is a reliable predictor of erectile function in patients with urethral stricture, especially posterior stricture. The patient's age should be considered when using this parameter.
Introduction
The aetiology of erectile dysfunction is extensive. Penile vascular impairment may result in impaired erection or complete impotence. 1 Trauma may cause urethral stricture, possibly leading to erectile dysfunction. 2 Vascular impairment accounts for 60 -80% of impotence cases, 3 and blood flow studies are therefore well established for the investigation of penile function. Dynamic colour duplex Doppler ultrasound (D-CDDU) is commonly performed in patients with urethral stricture and can also determine the relationship between erectile dysfunction and trauma. 4 Ultrasound parameters including peak systolic velocity (PSV), end-diastolic velocity (EDV) and resistance index (RI) have predictive value in determining erectile function, but many factors affect their accuracy. 1 The number of studies investigating the reliability of these parameters is limited, particularly in patients with urethral stricture. The present prospective study was designed to evaluate the predictive value of penile D-CDDU in the L Chen, B Hu, C Feng et al. D-CDDU evaluation of post-traumatic urethral stricture assessment of erectile function in patients with post-traumatic urethral stricture.
Patients and methods

PATIENTS
Consecutive patients with anterior or posterior urethral stricture secondary to various types of trauma (including straddle trauma, pelvic fractures and other perineal blunt trauma) were recruited between January 2009 and June 2010 at the Department of Urology in the Sixth People's Hospital, Jiao Tong University, Shanghai, China. Blood levels of testosterone, oestradiol, luteinizing hormone and follicle stimulating hormone were determined for all patients according to internationally accepted standards. Patients with abnormal blood hormone levels were excluded from the study.
All patients provided written informed consent to participate in the study. No ethical approval was required for this study as D-CDDU is a routine test used at the Sixth People's Hospital.
DYNAMIC COLOUR DUPLEX DOPPLER ULTRASONOGRAPHY
Dynamic colour duplex Doppler ultrasound was performed with high-frequency linear array transducers (7.5 -13 MHz, Esaote Technos MPX; Genoa, Italy). The penis was evaluated with the dorsum parallel to the anterior abdominal wall and the long axis parallel to the body axis. Cavernosal artery PSV was recorded with the penis in the flaccid state. Subsequently, a solution of 20 mg papaverine and 1 mg phentolamine was injected into the root of the penis with a 30gauge needle fixed on a tuberculin syringe (intracavernosal injection [ICI]). Each patient was asked to stimulate his penis manually in a comfortable environment, to induce maximal vascular flow. If erection was achieved, cavernosal artery Doppler parameters (including PSV, EDV and RI) were measured. Measurements were taken within the first 2 or 3 min of tumescence, in order to prevent false results. 2,5 Patients were not reexamined during the few minutes of the experiment. Both the ultrasonographer and the attending physician were present for the duration of the examination. Patients with PSV > 12.5 cm/s before injection or > 30 cm/s after injection were considered to have a normal arterial response. Corporal venoocclusive dysfunction was defined as EDV > 5 cm/s and RI < 0.8. 6 -8
STATISTICAL ANALYSES
Results are expressed as mean ± SD. Statistical analyses were carried out using the SPSS ® statistical package, version 14.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Data were analysed using a Student's t-test and Fisher's exact test. Linear and stepwise regression analyses were performed. A P-value ≤ 0.05 was considered to be statistically significant.
Results
The study recruited 44 patients (mean ± SD age 33.47 ± 9.25 years) with anterior or posterior urethral stricture, all of whom had blood hormone levels within the normal range. Of the patients, 33 (75%) had posterior urethral stricture and 11 (25%) had anterior urethral stricture. Urethral stricture length ranged from 0.5 to 19 cm (mean ± SD 3.97 ± 2.62 cm).
All patients achieved successful erections after ICI. There was no difference between the posterior and anterior urethral stricture groups in terms of age, length of stricture, or D-CDDU parameters (Table 1) . Patients with RI ≥ 0.8 were significantly younger and had significantly shorter strictures than those with RI < 0.8 (P = 0.017 and P = 0.003, L Chen, B Hu, C Feng et al. D-CDDU evaluation of post-traumatic urethral stricture respectively; Table 2 ). The difference in stricture length between RI ≥ 0.8 and RI < 0.8 groups reached significance in posterior urethral stricture cases only (P = 0.014; Table  3 ).
Stepwise regression analysis demonstrated that RI was the only D-CDDU parameter to correlate with urethral stricture length (r = -0.375, P = 0.032; Table 4 ).
Discussion
Erectile dysfunction represents a considerable public health problem. Studies suggest that 52% of men aged 40 -70 years experience erectile dysfunction, and up to 10% of the population suffer severe erectile dysfunction. 9 The incidence of erectile dysfunction in patients with urethral stricture secondary to trauma ranges from 20% to 84%. 10 It has been thought that trauma patients have psychological rather than physiological dysfunctions, 11 but improvements in the understanding of the physiology of erection have led to the belief that organic aetiologies are thought to be the primary cause of erectile dysfunction in such cases. 12 The organic aetiologies of post-traumatic erectile dysfunction can be divided into issues with arterial inflow and structural penile abnormalities, or with the venous occlusion mechanism. 11 Although angiography can confirm a vascular cause, the use of this procedure is limited by its invasiveness. 13 Penile Doppler sonography plays an important role in the investigation of erectile dysfunction. The evaluation of vasculogenic impotence by ultrasonography was introduced by Lue et al. 14 in 1985. Duplex ultrasonography and colour flow Doppler analysis after intracavernosal injection of vasoactive drugs (ICI) is a minimally invasive and accurate method, considered to be the gold-standard technique for evaluating penile haemodynamics. 15 D-CDDU findings in patients with urethral stricture vary from normal to serious arterial impairment, according to the severity and type of injury. 16 Decreased blood flow in cavernosal arteries may also be due to combined vascular injury. 17 Venogenic impotence can be the result of trauma, but Doppler ultrasound findings are the same as those in cases of nontraumatic venous leakage. 17 Arteriogenic impotence is possible after trauma in the pelvic region. 10 penis or perineum, such as a straddle injury, can also cause arterial injury. 18 Thus, the determination of PSV has become the generally accepted first-line tool in the assessment of arterial integrity. 19 Dynamic PSV can be affected by penile arterial anatomical connections and this may present difficulties in the evaluation of results. 1 As a result, many investigators now believe that PSV after ICI represents an unreliable marker for detecting erectile dysfunction. 20 The present study found no obvious relationship between PSV after ICI and the length of urethral stricture, suggesting that PSV after ICI is not a valuable parameter for predicting erectile function in patients with urethral stricture. Mancini et al. 7 used 12.5 cm/s as a pre-ICI PSV cut-off value for cavernosal artery insufficiency in the flaccid state. Nevertheless, the present study failed to find a relationship between pre-ICI PSV and the length of urethral stricture. Based on these data, we conclude that the usefulness of pre-ICI PSV for determining erectile function is limited.
Since injury to the erectile tissue or the tunica albuginea may affect the venoocclusive mechanism and result in venogenic impotence, measurements of EDV and its derivative, RI, have been proposed as valid parameters for identifying patients with veno-occlusive dysfunction. 18, 21 There was a clear relationship between RI and length of stricture in the present study, where patients with shorter urethral stricture had better RI, indicating better erectile function. From the present study, it seems that the major physiological change in patients with urethral stricture is venoocclusive, and that the incidence of erectile dysfunction may increase with the length of the stricture. The measurement of RI after ICI may be the most valuable means by which to evaluate erectile function in those patients.
The present study found a relationship between RI and patient age, such that patients with RI ≥ 0.8 were younger than those with RI < 0.8. Advancing age was also associated with a significant decrease in cavernous arterial flow velocity in response to ICI of vasoactive agent in another study. 15 It seems that age alone, in the absence of disease, is sufficient to produce erectile dysfunction in some people. 22 Research has shown that young men (< 30 years old), with previously low rates of cavernous blood flow, experienced a significant increase in D-CDDU parameters after ICI, whereas men ≥ 30 years old, with initial low values, had no significant changes in their D-CDDU parameters. 22 The present study also indicated that age alone may be a significant risk factor in the aetiology of erectile dysfunction in patients with urethral 
